This study deals with the structural perturbations that the aminoglycoside antibiotic gentamicin (GEN T) can produce to phospholipid bilayers. Two multibilayer systems, one builtup of dimyristoylphosphatidylcholine (DM PC) and the other of dimyristoylphosphatidylethanolamine (DM PE) were allowed to interact with GENT. The experiments were performed in both a hydrophobic and a hydrophilic medium below the phospholipid main transition tem peratures. X-ray diffraction techniques were used to determine the extent of the perturbation induced by G EN T. The maximum effect was attained when G E N T interacted with DM PC in the hydrophobic medium. On the other hand, G E N T in aqueous solutions was unable to per turb in any significant extent the structure of the phospholipids under study.
G entam icin (G E N T ), in com m on w ith the o ther am inoglycoside antibiotics, exhibits som e interest ing biophysical properties. It does n o t tra n sp o rt to any significant degree across the m em brane o f the gastrointestinal tra c t given its c h aracter o f a highly p o lar cation [3] , In co n trast, G E N T does cross some specialized m em branes; e.g., it p enetrates the aqueous h um or o f the eye, passes the placental barrier into the am iotic fluid, an d tra n sp o rts ac ross the otic m em brane. F u rth erm o re, since the site o f its antib acterial action is a t the ribosom e level -where it inhibits the synthesis o f p roteinsit clearly m ust penetrate the bacterial m em brane [4] , However, the m echanism by which G E N T Reprint requests to Dr. Suwalsky.
Verlag der Zeitschrift für Naturforschung, D-72072 Tübingen 0 9 3 9 -5 0 7 5 /9 3 /0 7 0 0 -0 6 3 2 $ 0 1 .3 0 /0 tran sp o rts across bacterial and other m em branes has n ot been firmly established. Its solubility ch ar acteristics and its negligible oil-w ater p artitio n coefficient preclude dissolution or p artitio n in g into lipoidal m em branes. Its relatively large m olec ular size precludes tra n sp o rt through w ater-filled pores or channels. T herefore, it appears th a t its tran sp o rt m ust involve, at least as a first step, som e specific interactions w ith a cell m em brane co m p o nent [4] .
The untow ard effects o f G E N T are sim ilar to those o f other am inoglycoside antibiotics. The m ost im p o rtan t and serious side effects o f its use are nephrotoxicity and irreversible ototoxicity [3] . While the m echanism o f their toxicity seem to be rath er com plex, a num ber o f attem pts have been m ade to create simple m odel systems to study or evaluate the toxicity o f am inoglycoside antibiotics. These m odel systems are based on the in vitro in teraction o f the drugs w ith receptor-like binding sites such as m ucopolysaccharides [5] , p h o sp h o li pids [6] and even nonphysiological co m p o u n d s [7] . Only phospholipids have been strongly im plicated as potential targets for the am inoglycoside a n ti biotics in the kidney and the inner ear in vivo [8] , and considerable evidence has been presented th at phosphatidylinositol serves as a specific binding site [9, 10] . Indeed, effects o f am inoglycoside a n ti biotics on m em brane lipids have been reported [11] , Specifically, am inoglycosides com petitively bind to C a2+ binding sites on a m odel p h o sp h o li pid m em brane [12] , increase the surface pressure o f lipid m onom olecular films [4] , affect the electro phoretic m obility o f the phospholipid liposom es [13] , and the addition o f G E N T to one side o f a bi-layer lipid m em b ran e results in a p otential differ ence across the m em brane [11] .
F o r these reasons it was th o u g h t o f interest to study the in teractio n o f G E N T (w hose schem atic stru ctu re is show n in Fig. 1 ) w ith a m odel system consisting o f m ultibilayers built-up o f dim irystoylph o sp h atid y leth an o lam in e (D M P E ) and dim yristoylphosph atid y lch o lin e (D M PC ). These ph o s pholipids are representative o f cephalins and leci thins, w hich are m ostly and respectively located in the in ner un d o u te r m onolayers o f the erythrocyte m em branes [14] . T heir structures und er different h y d ratio n s below th eir m ain tran sitio n tem pera tures have been reported [15] [16] , Chem ically, they only differ in their term inal am ino groups, being +N H 3 in D M P E and +N (C H 3)3 in D M PC . T heir bilayer stru ctu res are very sim ilar in the dry crystalline phases (Lc). In fact, b o th have the h y d ro carb o n chains m ostly parallel and com plete ly extended w ith th eir p o lar groups lying perpendi cularly to them . H ow ever, D M P E m olecules pack m ore tightly th a n those o f D M P C . This effect, due to the sm aller p o lar group and higher effec tive charge o f D M P E , results in a very stable bi layer stru ctu re w hich is n o t significatively p er tu rb ed by the ad d itio n o f w ater [16] . How ever, the g rad u al h y d ra tio n o f D M P C und er the sam e co n ditions results in w ater m olecules occupying the highly p o lar interbilayer spaces. As a consequence, there is an increase in its bilayer separation [ 15] and the pho sp h o lip id undergoes the phase transition Lc ±5: L ß' ^ P ß' L a. Lc denotes the crystalline phase, Lß' the gel phase, Pß' the rippled gel phase and L a the liquid crystalline phase, the latter being generally present at high tem peratures. These bilayer system s and the X -ray diffraction m ethods have already been used in this lab o rato ry to study th eir interactio n s w ith the antibiotics chlortetracycline [17] and chloram phenicol [18] , as well as w ith o th e r chem icals o f biological interest Fig. 1 . Schematic structure of G ENT. It consists of two am inosugars connected through glycosidic bonds to a hexose in a central position. G E N T is a mixture of three com ponents (C " C ,a and C2), whose biological activities are essentially identical. [19] [20] [21] . T he results have allow ed an insight ab out the way these com pounds m ight p ertu rb the struc ture o f cell m em branes. DM PC do [Ä ] Io re l 10: Table IV present the results o b tain ed when G E N T aqueous solutions were al low ed to interact with D M P E in the sam e co n d i tions as described for D M PC . First, it can be o b served th a t the X -ray p attern o f D M P E in the presence o f w ater did n o t change too m uch w ith respect to th a t obtained from its dry crystalline form . In fact, it rem ained essentially the sam e in clined L c 2 phase, except in th at its bilayer repeat slightly increased from 44.2 Ä when dry to 45.6 Ä, and som e o f its w eaker reflections were absent in the hum id form . O n the oth er hand, G E N T did n ot affect in any significant extent the X -ray p a t tern o f D M P E , even in its m ost concentrated solu tion. (a) The interplanar spacings and intensities of the reflections were measured in X-ray diagrams obtained from flatplate cameras. D = 8 and 8* cm. (b) The samples were left for 2 days before being X-ray diffracted. apeutical drugs and oth er chem icals o f biological interest m ight affect their integrity and fu n ctional ity, in form ation th a t can help to u n d erstan d the toxic m echanism s o f these com pounds. In the pres ent study the am inoglycoside antibiotic G E N T was m ade to interact w ith D M P E and D M P C m ultibilayers. Each one represents a type o f ph o s pholipid which is respectively found in the inner and ou ter m onolayers o f m any biological m em branes, particularly th at o f the hu m an red blood cell. T heir interactions w ith G E N T were studied by X -ray diffraction below th eir m ain transition tem peratures u nder tw o different physicochem ical conditions. In the first G E N T , w hich presents a hydrophilic and cationic ch aracter, was m ade to interact w ith each phospholipid in a hydrophobic m edium . This could be attain ed by dissolving both the phospholipid und er study and G E N T in v ar ious m olar ratios, in c h lo ro fo rm :m e th a n o l:e th y l ene glycol 3 :1 :1 . A fter 48 h the solvent was re m oved by ev ap o ratio n and each p h o sp h olipid: G E N T m olar m ixture, und er the form o f a dry and crystalline pow der, was X -ray diffracted. T heir X -ray p attern s were then com p ared w ith those o f the single phases o f each phospholipid. G E N T , which is a m ixture o f three type o f molecules (Fig. 1) , could n o t crystallize giving, therefore, am o rp h o u s p attern s (Fig. 2 an d 3) . The results o b tained indicate th a t G E N T was able to p ertu rb to different degrees the bilayer arran g em en ts o f b oth phospholipids. In the case o f D M P E , the observed effects were ra th e r mild. In fact, it was only o b served th a t D M P E , in the presence o f G E N T , re crystallized in the extended Lc, form instead o f the L c 2 tilted one, w hich is the phase u n d er w hich D M P E recrystallized from c h lo ro fo rm : m e th a n o l: ethylene glycol 3 :1 :1 . This phase tran sitio n o f D M P E is m ost likely due to a change in the physi cochem ical properties o f the solvent after the dis solution o f the highly p o lar gentam icin sulphate rath er th an to a m olecular in teractio n between G E N T and D M P E . This is confirm ed by the fact th at higher concentrations o f G E N T did n o t significatively affect the described result. O n the other hand, it should be m entioned th a t nearly sim ilar effects on D M P E have been described for the amphipathic antibiotics chlortetracycline [17] and chloram phenicol [18] .
Materials and Methods

Synthetic
The changes produced by G E N T to D M P C bi layers in the same h y drophobic m edium are indeed m ore pronounced than those observed in D M P E . As it can be seen in Fig. 2 and Table I, The results obtained in a hydrophilic m edium o f the present study agree with those reported in the literature. In fact, it has been published th a t G E N T , as well as other am inoglycoside a n tib io t ics, does not interact with lecithin neither phosphatidylethanolam ine bilayers [4, 9, 10] . N everthe less, it has been found th at the addition o f G E N T to one side o f a lecithin bilayer m em brane results in a poten tial difference, which has been explained as due to the adsorption o f G E N T bearing four positive charges o n to the bilayer surface. This re sult, how ever, is strongly dependent on the pH and ionic streng th o f the m edium [11] , O n the oth er h an d , experim ental evidences indicate th a t there are strong affinities between G E N T and negatively charged phospholipids such as phosphatidylinositol [9, 24] , phosphatidylserine and phosphatidic acid [25] , These interactions have been used to ex plain the nephrotoxicity induced by am inoglyco side antibio tics to hum ans and anim als. In fact, it has been found th a t the activity o f lysosom al phospholipases tow ard s phosphatidylcholines included in unilam ellar liposom es is m arkedly increased u p on the addition o f phosphatidylinositol in the bi layers [26] . The am inoglycoside antibiotics then, by binding to and neutralizing the negative charges o f the m em brane, w ould inhibit phospholipase ac tivity [25] , a key event in the sequence o f reactions leading to am inoglycoside nephrotoxicity [10] . 
